7@ CENTER s

© @ STRATEGIC A | 1§ ;I%]l\[ll:fiil If
@ SCIENTIFIC INITIATIVES =
Advancing Innovation and Convergence
In Cancer Research
Jerry S.H. Lee, Ph.D.
Health Sciences Director
Deputy Director, Center for Strategic Scientific Initiatives (CSSI)
Office of the Director, National Cancer Institute (NCI)
fiifi‘ A S E E National Institutes of Health (NIH) BE @ O 4
A‘I RICAN SOCIETY FOR T e e e (B

ENGINEERING EDUCATION

A o =

2015 ASEE Engineering Research Council Annual Meeting
Change and Research Opportunities: Perspectives from NIST, DOE, NGA, and NCI

March 10, 2015

PROTEOMIC B IELTC INNOVATIVE MOLECULAR Provocative -
C ) TUMOR ANALYSIS Nanotechnology ANALYSIS TECHNOLOGIES Questinis h
in Cancer Initiative ‘e


http://imat.cancer.gov/

NCI Center for Strategic Scientifi

Initiatives (FY99 — FY14)

Office of
Cancer
Genomics

Center for
Bioinformatics
formed

$7.4

Office of
Tech &
Industrial
Relations

Ul P

$3.9M

FYOO FYO1

Center for

Strategic Scientific
Initiatives

Established

& caBiG

Pilot Launch

$20M

FY02 FYO3 FYO04

Pilot Launch

$11.7M

Pilot Launch

$8.7M

Pilot Launch

$10.5M

“© SBIR

(@ STTR
Restructure of NCl-wide
SBIR/STTR mechanisms

Office of
Biorepositories
& Biospecimen
Research

s Alllance i
Manotechnology

Office of Cancer
Nanotechnology

Pilot Launch

$30.8M

FYO05

CBIIT

Center for Biomedical
Informatics and Information
Technology

SBIR Development
Center

Spun Off to Coordinate
Enterprise Phase of

/4
@& caBiG

Spun Off to Coordinate
NCl-wide SBIR/STTR
awards

Data from NCI Factbooks (http://obf.cancer.gov/financial/factbook.htm)

Biospecimi
RESEARCH
NETWORK

Pilot Launch

$10.5M

Office of Latin American Cancer
Program Development

The Cancer Genome
Atlas Program Office

@ b PROTEOMIC
Pilot Launch

Office of Cancer Clinical
Proteomics Research $13-1M

Trr Cancrn Genomt ATias

Expansion Launch

$25M
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s ONCaLL

o . | Pilot Launch o o =
Office of Physical AMALVSU TECHWOLOGILS
Sciences Oncology $30M

Pilot Launch
$10.5M
@ caHUB
Pilot Launch
$60M
we Alllanee i Pilot Launch
Nanotechnology $15M

Pilot Launch

Pilot Launch

$10M

Pilot Launch

$3M
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Pilot Launch

$11M

Pilot Launch

$20M

FY13 FY14

v

Health Branch

Spun Off to Coordinate
NCI-wide international
activities

Spun Off to Coordinate
NCI-wide biospecimen
efforts

Spun Off to Coordinate
NCI-wide genomics

BBRB Center for PHYSICAL SCIENCES
Cancer Genomics el ke p iy
Biorepositories & Center for Cancer Physical Sciences in
Center for Global Biospecimen Research Genomics Oncology Network

Incorporated into NCI
Division of Cancer

efforts Biology
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What Is It?

Tumor, Cancer, and Metastasis

Aggressive phenotype

5 year Relative Survival Rates

Oncogenic mutations
Epi/Genomic instability

Prerequisites
Self renewal, Invasiveness
Motility, Detachment survival

Microenvironment

_Intravasation

Angiogenesis, Inflammation
Cancerized stroma

Epithelial-to-mesenchymal
transitions

Life in transit

Platelet association, embolism
Vascular adhesion

Distant accomplices

Vascular progenitors
Metastatic niche precursors

Homing
Attachment
Attraction to survival signals

Extravasation

= B

Motility, Vascular remodeling

Micrometastasis
Survival in dormancy

Co-opted stroma

~___Angiogenesis, Inflammation
* Cancerized stroma

Full colonization

Organ-specific metastasis
factors and functions
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Organ Site All Stages | Localized | Regional § Distant l
Prostate 99 >99 >09 28
Breast 89 99 85 25
Ovary 45 92 72 27
Uterine Cervix 68 91 57 16

Melanoma 91 98 63 16 _
Urinary Bladder 77 69 34 6
Kidney 72 92 65 * 12
Colon and rectum 65 90 71 13
Esophagus 18 40 21 4

Lung and bronchus 17 54 27 4 F

Liver 17 30 11 3|

Pancreas 7 26 10 L 2 h

—

“...>90% of deaths are caused by
disseminated disease or metastasis...

Gupta et. al., Cell, 2006 and Siegel et. al. CA Cancer J Clin, Jan/Feb 2015



In the U.S., Cancer Continues to

i CENTER s
8 D& STRATEGIC
O SCIENTIFIC INITIATIVES

Represent an Enormous Burden

= 576,691 Americans died of cancer in 2011 (589,430 projected for 2015)
= 1,658,370 Americans will be newly diagnosed with cancer in 2015 (projected)
=  $157 billion in 2010 for cancer healthcare costs ($173 billion projected in 2020)

Unlike Other Major Disease Killers, Cancer Continues to
Take Nearly the Same Toll as it did in 1950

. 586.8
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Source for 2015 projected deaths and diagnoses: Siegel et. al, Cancer Statistics, 2015; Source for cost and projections: http://costprojections.cancer.gov
Source for 2013 age-adjusted death rate: National Center for Health Statistics, National Vital Statistics Report, Dec 2014
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US Geographic Patterns in Cancer

Death Rates in 2011 BT i
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North America
951,400
514,700 §
436,700 *

Central America,
South America
and the Caribbea
813,800

425,100 §
408,700 ¥

Source: IACR, WHO  §

Global Burden: By 2020, Cancer
Incidence 16 M/yr (Mortality 10 M/
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yr)

Northern Euro
297,600
159,600
138,000

g

Western Europe

617,100 .y 3,223,700,
357,100 § | ¢ . 258d -
260,000 g A ! n
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o
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Oceania
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Percentage increase in cancer deaths since 2002 /
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Unprecedented Amount of
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Scientific Knowledge: Omics(ssss)

49,024 pubs 54,587 pubs 580,824 pubs

ISI search for articles only in genomics, proteomics, transcriptomics, metabolomics, phenomics, interactomics, glycomics



Is More Knowledge Yielding More

Solutions for Patients? N
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Druqg Discovery and Development Diagnostic Biomarkers
Indl.;stn:‘sR: b Souree: Source. FDA CDER & CBER, Evaluate Annual NME
(EB?I‘IEions) Approvals
$40 - - 200 § : ¢
$36 - - 180 c_>5~
$30 - —1 R&D Investment - 160 <CE 3 . ’ ‘
—— NME Approvals - 140 e
$25 4 D
- 120 2 2 ¢ v
$20 - 100 E
i L 80
$18 i 5 1 *e o o e
$10 Z
— [ 4 ©
$5 - N 20 * 0 T 4 T — J
$0 ) 1993 1997 2001 2005 2009

FEFESEESF S EE S S ESESE S
Year of FDA Approval

By courtesy of John Orloff, Novartis AG, Basel, CH (’) NOVARTIS

= 10-15years at ~ $1.8 billion” = Averaging 1.5 FDA approvals per year?
= 2007: 19 NMEs [lowest since 1983] = 1000’s of samples

= 2008: 21 NMEs [29% new-in-class] = Balancing complexity of biology against
= 2009: 24 NMEs [17% new-in-class] heterogeneity of patients

Maybe...but can it be more efficient?

“Paul et. al, Nature Rev. Drug Discovery, March 2010; T Leigh Anderson, Clin Chem, 2010



Translation Pace: How To Break

Out of Current Paradigm? e
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Key Needs (from community ‘02)

%muuaa Lead profiling ;-{ "' L
Lead generation B

d - = Standards and protocols
=== $166M $414M \
[ S——y &0, - Real-time, public release of data

Preciinical profiling

_h_ Phase I: $273M \ l
Phase II: $319M o

= Large, multi-disciplinary teams

v Phoes 11l $314M = Pilot-friendly team environment
s 1 $94M to share failures and successes
Target identification Clros! s _

N\ sasm o f @ = Team members with
R trans-disciplinary trainin
“;"M ~$1.8B/turn _.-"ow N\ prnaty J
Turning the Crank... The potential to transform cancer

drug discovery and diagnhostics

Paul et. al, Nature Rev. Drug Discovery, March 2010
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National Institutes of Health (NIH):

27 Institutes and Centers BT

o =+ xs | NIDA s NIDCD NIMH
NHGRI NIA NIDA NINDS NIDCD NIMH
) | QU NIDDK

NINR NLM NIDDK

NEI NIAAA  CIT (L% 5
!NiH CampUs.=Bethesda, Maryian

@) L) L (2] (] (=
FIC CSR NIBIB % @NCHD 63 NIMHD NIDCR NIEHS
NIGMS NICHD CC

E F I N . National Genter
for Advancing
I Translational Sciences
National Center for I
Complementary and .
Integrative Health ] 111 ) I [ N C AT S
I

NIAMS I el
NCCIH NIAID g NCI I NHLBI
I EE e
NIH Budget ~ $30.14 Billion (FY14) NCI Budget ~ $4.92 Billion (FY14)

» ~ 75% for extramural support

» ~81% for extramural support
» ~7,500 grants and contracts

» ~60,000 grants and contracts

http://officeofbudget.od.nih.gov/spending_hist.html


http://www.cancer.gov/
http://www.nei.nih.gov/
http://www.genome.gov/
http://www.nia.nih.gov/
http://www.niaaa.nih.gov/
http://www.nhlbi.nih.gov/
http://www.niaid.nih.gov/
http://www.niams.nih.gov/
http://www.nibib.nih.gov/
http://www.nichd.nih.gov/
http://www.nidcd.nih.gov/
http://www.nidcr.nih.gov/
http://www.niddk.nih.gov/
http://www.niddk.nih.gov/
http://www.nida.nih.gov/
http://www.niehs.nih.gov/
http://www.nigms.nih.gov/
http://www.nimh.nih.gov/
http://www.nimhd.nih.gov/
http://www.ninds.nih.gov/
http://www.ninr.nih.gov/
http://www.nlm.nih.gov/
http://www.cit.nih.gov/
http://www.fic.nih.gov/
http://clinicalcenter.nih.gov/
http://www.csr.nih.gov/

National Institutes of Health (NIH):

27 Institutes and Centers [FY14]

NCI
NIAID
NHLBI
NIGMS
NIDDK
NINDS
NIMH
oD
NICHD
NIA
NIDA
NIEHS
NEI
NCATS
NIAMS
NHGRI
NIAAA
NIDCD
NIDCR
NIBIB
NLM
NIMHD
NINR
NCCAM
B&F
FIC
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=

Research Project Grants [0 Other Research Grants Bl R&D Contracls

[ Research Mgmt & Support. T All Other
Research Centers Bl Research Training [ Intramural Research

Research Mgmt & Support

All Other
S860,000,000 (3%) |
|

2ar g
51,529.000,000 (5%)

Intramural Research
$3,396,000,000 (11%)

$2,990,000,000 (10%) Research Project

rants
- §16,077,000,000
(53%)

Research Training
S753.000,000 (2%) —

Other Research Grants
$1,825.,000,000 (6%)

$0 $1,000 $2,000

$5,000
Thousands

$3,000 $4,000

NIH FY14 Actuals Taken from http://officeofbudget.od.nih.gov/approp _hist.html and http://report.nih.gov/nihdatabook/



http://officeofbudget.od.nih.gov/approp_hist.html
http://report.nih.gov/nihdatabook/

The NIH Extramural Team:
Checks & Balances

Scientific
Review
Officer (SRO)

Program
Official (PO)

. Make awards

Does not
. Assemble review Grants
; Management
commitiee Officer (GMO)

http://grants.nih.gov
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Ensure fair and unbiased evaluation of the
scientific and technical merit of proposed research
e Manages study sections

» Prepares/issues summary statements

Ensure all required business management actions are
performed by the grantee and federal government

» Participates in budget negotiations

* Prepares/issues Notice of Awards (NoA)




NIH: Types of Funding

Announcements (FOASs) B it

SCIENTIFIC INITIATIVES

http://grants.nih.gov/grants/planning application.htm

Types of Funding Opportunity ~685in FY14

Announcements (FOA)

& " o

5

* Non-specific, » Often broadly defined or a * NIH-Requested
investigator-initiated reminder of a scientific Research; Well-defined
“unsolicited” need scientific area
research * Investigator-initiated » Specifies funds and

* May submit any topic “unsolicited” research targets number of
within the breadth of « No money set asides awards
the NIH mission. (unless PAS) « Competition depends on

* No money set-aside « Competition tied mainly to number of applicants

« Competition tied the IC's overall payline and dollars set aside
mainly to an IC's  High-priority applications
overall payline may be funded beyond the

payline


http://grants.nih.gov/grants/planning_application.htm

NIH Research Portfolio Online

Reporting Tools (RePORT) [FY14] WG
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.{f U.S. Department of Health & Human Services
Research Portfolio Online Reporting Tools
(ReFORT) NIGMS
QUICK LINKS RESEARCH ORGANIZATIONS WORKFORCE

Home > RePORTER = Project Search Results

~$1,273M | =$1,241M ~$1,323M ~$664M

B PA (Parent) I H ~$1,350M

M pPA, PAR, PAS

~$3,059M ~$2,823M ~$2,216M
B RFA
NIDDK

~$1,563M

NIBIB NHGRI

~$86M  ~$267M

~$21.8B

~$314M ~$419M
FY14 grants data from http://projectreporter.nih.gov



http://projectreporter.nih.gov/

NIH Research Portfolio Online

Reporting Tools (RePORT) [FY04] WERcrn
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. US. Depariment of Healh & Human Services

R ===

Home > RePORTER = Project Search Results

NIGMS

M pPA N I ~$2,389M ~$1,351M ~$1,500M
B PAR, PAS
~$3,059M ~$2,367M ~$1,813M
M RFA
NIDDK

~$1,066M

~$1,523M ~$1,240M

NHGRI

~$26M

~$128M  -g108Mm

~$341M
FYO04 grants data from http://projectreporter.nih.gov



http://projectreporter.nih.gov/

National Cancer Program:
Stakeholders @ Fiae

. 5

~$18 B per year

NCAB Working Group Report, 2010



National Cancer Institute

Organization
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National Cancer

Institute
Director (FY13) Office of the Deputy Director
Harold Varmus, MD Director Douglas Lowy, MD
~$110 M (~3%)
Division of Division of - Division of
Center for Cancer Cancer Division of Cancer Division of Division of
Cancer . . Treatment Cancer Control and Cancer Extramural
Epidemiology : ; : o
Research . and Biology Population Prevention Activities
and Genetics : : .
Diagnosis Sciences
~$812M (~17%) ~$1,166M (~32%) ~$726M (~20%) ~$398M (~11%) ~$249M (~7%) ~$22M (~0.5%)
Conducting — Intramural Funding — Extramural

Red numbers: FY13 grants data only from http://fundedresearch.cancer.gov/nciportfolio; Black numbers: from FY13 http://obf.cancer.gov/financial/factbook.htm



http://fundedresearch.cancer.gov/nciportfolio
http://obf.cancer.gov/financial/factbook.htm

NCI| 2013 Fact Book:

FY13 Budget Breakdown BV
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Fiscal Year 2013 Budget

F= |
= i
2 (Dallars in Thousands)
5
(=]
% Mechanism Amount Percent
= Confracts:
ol Research & Development (R&D) Contracts $616,046 17.1%
2 Buildings and Facilities 7,904 0.2%
© Construction Contracts 0 0.0%
= Subtotal Contracts 623,950 17.3%
Grants:
Research Project Grants (RPGs) 2,000,161 55.4% Grants
Cancer Centers/Specialized Centers/SPORES 533.9:1 14.8% 82 7%
NRSA 65,788 1.8% )
Other Research Grants 387,538 10 7%
Construction Grants 0 0.0%
Grants 2,987,438 82.7%
Total Extramural Funds 3,611,388 100.0%
Total Intramural/RMS 1,177 626
“Total NCI $4,789.014
6,000 $500
Contracts
17.3%
5,000 | 8400
™
4,000 = 2
N oo
(] - 5300 8 ]
T 2
§ 3,000 % =
< FF200 5w
2,000 > @
<3
1,000 T $100
4] - S0
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
I No. Awarded | 5,467 5,435 5,472 5,435 5472 5,380 5,179 5,019 5,021 4,816
$in Millions | 52,103 | $2,098 | 2,053 | $2,098 | $2,053 | $2,021 | $2,063 | $2,088 | $2,075 | 51,925
allim Ayg Cost $384.6 | $386.0 | $375.2 | $386.0 | $375.2 | $375.7 | $398.3 | $416.1 | $413.3 | $399.7

Data from NCI FY13 Factbook (http://obf.cancer.gov/financial/factbook.htm)



http://obf.cancer.gov/financial/factbook.htm

NCI's Federally Funded Research

and Development Center (FFRDC) VT i
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operated by .
e e ded A Established in 1972 as one of the nation's 39 FFRDC's and the

Frederick National Laboratory only one devoted exclusively to biomedical research and
for Cancer Research development

Facts

As one of Frederick County’s major employers, the contractor Leidos Biomedical Research Inc. employs approximately
1,800 employees.

Economic Impact Frederick National Lab
Distribution of Effort

In addition te payroll, Leidos Biomedical Research contributes:

+ Dollars spent via Leidos Biomedical Research (formerly
SAIC-Frederick) purchase orders, Contract Year 2011

- Frederick County.$16,820,351 AIDS16%
= Maryland. $183,086,783
« Dollars spent via Leidos Biomedical Research (formerly Other 36% Devel D;:Jg "
SAIG-Frederick) purchase orders, 9/26/05-8/10/11 R 2‘2,2'
= Frederick County...$35 685 585 Vaccine
= Maryland. $236,944 850
PhySICal Clinical

Tnal Support
+ B8 acres deeded to the Department of Health and Human 16%
Services (HHS)
+ 991,217 net square feet
+ 1,654,035 gross square feet

s+ 113 buildings on site NCI Funding in FY12 $238,204

http://frederick.cancer.gov/About/Facts.aspx
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Initiatives (CSSI): Concept Shop

CENTE R jor
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Director Deputy Director
Douglas Lowy, MD Jerry S.H. Lee, PhD

Mission
“...to create and uniquely implement exploratory programs focused on the development and integration of
advanced technologies, trans-disciplinary approaches, infrastructures, and standards, to
accelerate the creation and broad deployment of data, knowledge, and tools to empower the
entire cancer research continuum in better understanding and leveraging knowledge of the cancer
biology space for patient benefit...”

|..' IM_M‘ I| }CD cal PRO r1QM|(_| ||PHYSICAI__ SCIENCES — | Provoca rfve s '
| ..l-m\nlv':m'. tocul 3 malysis Tachns -—~-- : : ' PEEHNOLQGIES l N 2NERERFY I| :f:l:lsl.ttll‘-::s L

2003, 2007, 2011, 2013, 2014 2005, 2010 2008, 2013* 2011, 2014
||' NCI Alllani:.:.- for L ' l!' 2a ', Cancer Target Discovery
| Nanotechnology l. | THe CANCER GENOME ATLAS '___::;;;:'ll SsDevelopment (CTD2)

2004, 2008, 2014 2005, 2008 2010

*Red dates indicate approval(s) by NCI Board of Scientific Advisors


http://physics.cancer.gov/default.asp

Support Convergence and

Innovation At Many Scales
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MNCI Alliance for

! Nanotechnology |
Iin Canc
Phase Il
Early
Cancer Target Discovéery settlers
SeDevelopment (CTD?)
PHYSICAL SCIENCES — |
I nnONC(‘)LﬁGYl
V| PROTEOMIC Team
IC)I'\II'---‘I~\--||- |
' : Explorers
Phase Il
|| THe CANCER GENOME ATLAS )|
Phase Il
Prox 'l'}(.‘(-l.l' foe]
O et i.(}ll.'i
Initiative .
Discoverers/
o® '| Pioneers
| & o

Basic Applied Translational Clinical Commercial/Industry


http://physics.cancer.gov/default.asp

Center Framework: “What iIs

Water?” - Measurements =2 Insights B
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Saturated steamm Superheated steam
Vs £ £
o fgr o, A fuky el
hcalkg) (ke at260°C 30°C
1 8.1 G385 1725 0580 2454 2691
2 195 462 L BT K] 1342
3 132 G506 0617 1621 08lE 0%
4 1429 6537 8471 2123 067 0668
5 1511 65600 0382 2618 0484 053
3 1581 5570 8321 3115 0#R 045 L OTS Of
T 1642 6595 0278 3597 033 03W
# 1696 605 0345 4082 029 033 . .
¥ 1745 5619 8219 4566 0265 0293
] 1791 5629 198 SU51 023 0263 Q u an t I tat I V e
12 1871 645 166 G4 0196 D218
14 1941 657 0,143 6993 0167 D186 [11 ”
16 2004 66,7 126 9T 0ME IR D at a
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But also LOTS of
Measurements _ disagreements...
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Jfé-v Boiling point = 92°C

Boiling poind = 100°C

Phase (liquid, gas, solid)
Phase change (boil, melt, freeze)
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Qualitative Descriptions



Standards and Sharing of Data 2
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New Insights and Understanding

o Define samples & protocols
 Share collected data 218

critical
point

New Understanding

e Phase boundaries
e V/L equilibrium
o Triple Point

4
atm

e 3
i ) 0.006

A N—
oo T°C (Phase Diagram)

2400m )

'|I.
/
ﬁ Bailing point = 92°C :
! ;& ~ New Parameter o
o » | o

/ o Boling poknt = 100C “Pressure”

L2 -

Saturatedsteaws  Superheated steam
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2003 Launch of the Technology

Dashboard of CSSI: IMAT o

& SCIENTIFIC INITIATIVES

2

; A INNOVATIVE MOLECULAR To support the development, maturation, and dissemination
QMfA‘T ANALYSIS TECHNOLOGIES of innovative and/or potentially transformative next-generation technologies
Innovative Technologies for Molecular Analysis . Application of Emerging Technologies
of Cancer »)) for Cancer Research
o Proof-of-concept technologies/projects encouraged 0 Validation and dissemination of platforms
o Milestone and technology development driven (no biology) o Demonstration of impact on basic and clinical
research

Snapshot of Initial Applications
(2003-2004)

H Genomics ® Genomics

B Proteomics B Proteomics
= Nanotechnology m Nanotechnology
H Physics H Physics

Screening Screening




First Step(back)- Cancer Genomics:

Taking a Page from Engineers o
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Disease of Genomic Alterations

= Copy humber
= Expression (regulation of)
= Regulation of translation

= Mutations
= Epigenome S

Translocation &
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« Systematic identification of all genomic changes
* Repeat (<500) for individual cancer
* Replicate for as many cancers as possible

« Make it publically available
Steam table (Reference)
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Many “Thermometers”:

Heterogeneity of Platforms BNET ic
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:2¢ Complete Genomics
Complete Genomics
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Unanticipated Innovation:

Samples AND Handling Matter! P

N @77 SCIENTIFIC INITIATIVES

B ER-negative O PR-negative

Yo Megative

Sun Maon Tue Wed Thu Fri Sat
Day of Week

HU The Cancer
Ca Human Biobank

“Garbage In...Garbage Out”

“...We found that specimens obtained late in the week
(prolonged specimen handling) are more likely to be
ER/PR negative than specimens obtained on other

weekdays (regular specimen handling)...”

Nkoy et. al., Arch Pathol Lab Med, April 2010

Table 1. Frequency of Specimen Removal by Day of

the Week
Day Cases ER-Negative PR-Negative
Sunday 16 3 6
Monday 1252 230 325
Tuesday 1176 248 332
Wednesday 784 170 212
Thursday 904 191 259
Friday 919 216 276
Saturday 26 7 8
System 5077 1065 1418

Abbreviations: ER, estrogen receptor; PR, progesterone receptor.



TCGA: Connecting Multiple Standardized

Sources, Experiments, and Data Types

THE CANCER GENOME ATLAS
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Three Cancers- Pilot

Biospecimen Core
Resource with more
than 13 Tissue
Source Sites

glioblastoma multiforme
(brain)

7 Cancer Genomic

. Characterization
sguamous carcinoma

Centers
(lung)
3 Genome
Sequencing
Centers
serous

cystadenocarcinoma
(ovarian)

Data Coordinating
Center

Multiple data types

=

Clinical diagnosis
Treatment history
Histologic diagnosis
Pathologic status
Tissue anatomic site
Surgical history
Gene expression
Chromosomal copy
number

Loss of heterozygosity
Methylation patterns
MiRNA expression
DNA sequence




Genomic
“Steam Table”

[ chrs | chrz | chrm | chrd | chrS | chre | che? [ ehes|cnea| se | 11 | 12 | 13 | 14| 15| 18|17 |15(19)2e] |
b = = e e = =

The Cancer Genome Atlas Understanding genomics

Data Portal to improve cancer care
Gl CENTER
8% STRATEGIC
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TR

Glioblastoma: 470
Head & neck: 51
Lung adeno: 57
Lung squamous: 159
Breast carcinoma: 180
Stomach adeno: 84
; Kidney clear carc: 260
Ovarian serous: 520
Colon adeno: 198
Rectum carcinoma: 74

Source: UCSC Cancer Genomic Heatmaps (CopyNumber SNP6) .
[https://genome-cancer.ucsc.edu/] Compiled by Jerry S.H. Lee, PhD, May 2011 TOtaI- 2053



Genomic
“Steam Table”

Data Portal to improve cancer care

Spr"ng 2013 [ chrs | chrz | chrm | chrd | chrS | chre | che? [ ehes|cnea| se | 11 | 12 | 13 | 14| 15| 18|17 |15(19)2e] |
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The Cancer Genome Atlas @ Understanding genomics
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Source: UCSC Cancer Genomic Heatmaps (CopyNumber GISTIC2) [https://genome-cancer.ucsc.edu/] Compiled by Jerry S.H. Lee, PhD, March 2013

Glioblastoma: 563
Brain lower grade glioma: 180
Head & neck: 306
Thyroid carc: 401
Lung adeno: 356
Lung squamous: 343
Breast carc: 866
Stomach adeno: 237
Liver hep. carc: 97
Kidney pap. cell carc: 103
Kidney clear cell carc: 493
- Qvarian serous: 559
Uterine corpus end. carc: 492
Cervical carc: 102
Bladder carc: 135
Prostate adeno: 171
Colon/rectum adeno: 575
Total: 5979



Clinical Proteomic Tumor

Analysis Centers (CPTAC Phase Il) WEXCw"»

= SCIENTIFIC INITIATIVES

Phase Il Launched Sept 2011

» Analyze matched TCGA samples using two approaches
o Targeting genome to proteome

) QI" 0 Mapping proteome to genome
S . , &
» ' = Develop validated and quantitative assays and reagents
DNA===> RNA===> Protein o Lessons from Phase | (mock 510K submission) 'EDA

o Antibody Characterization Lab

= Distribute raw and analyzed data via public data portal

4 \,\

Analyte

TCGA . .
Specimens _ : eAnalytically validated
MCTETM o) KA quantitative assays of
Characterization Development Verification ;
proteins

*Public data sets

Prioritization

TCGA
Data BRAS Data, Results Reagents Data, Results
Storage & QC Storage & QC




Genomic
“Steam Table”

Data Portal

Sprin 2013 [ chrs | chrz | chrm | chrd | chrS | chre | che? [ ehes|cnea| se | 11 | 12 | 13 | 14| 15| 18|17 |15(19)2e] |
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The Cancer Genome Atlas @ Understanding genomics

to improve cancer care

T

Source: UCSC Cancer Genomic Heatmaps (CopyNumber GISTIC2) [https://genome-cancer.ucsc.edu/] Compiled by Jerry S.H. Lee, PhD, March 2013
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Glioblastoma: 563
Brain lower grade glioma: 180
Head & neck: 306
Thyroid carc: 401
Lung adeno: 356
Lung squamous: 343
Breast carc: 866
Stomach adeno: 237
Liver hep. carc: 97
Kidney pap. cell carc: 103
Kidney clear cell carc: 493
- Qvarian serous: 559
Uterine corpus end. carc: 492
Cervical carc: 102
Bladder carc: 135
Prostate adeno: 171
Colon/rectum adeno: 575
Total: 5979



Colorectal Cancer: Global proteome reveals 2

new subtypes

a
Transcriptome Protein expression -2l 2
Proteomic subtype
SUbtypeS HA BB EC HD RE
TCGA transcriptomic subtype
B vMSI/ICIMP EMSICIMP  Invasive M CIN
Invasive Sadanandam et al. subtype wn
" Enterocyte/Goblet-like M Inflammatory 8
& CIN EStem-ike WTA L
De Sousa et al. subtype
BMCCS1 mCCS2 HECCs3
Proteome Methylation subtype
BECIMP-H BCIMP-L Cluster 3 MCluster 4
Su btyp es Genomic features
© yes gno NA
A
‘B b Proteomic subtype || 1NENINNINN LB 0L AARNRNRNRNR BT RRRR R RV ER R R
TCGA Transcriptomic subtype | 1/ ML MATUML LY 00
-C Sadanandam et al. subtype L JIE 10 0 RUARAARRE D DORNRE 0O CTE R
‘D De Sousa etal. subtype  JIIINIE L0 CMLAMRNEESEELEEL ORI Ennemn
Methylation subtype | | JHIIII AN ey rrmnrm
°E Hypermutation [J{1| | | il 1 TN e

MSI-High

T T T
POLE mutation 00 CORERNESERRNERRN RSN
July 20, 2014 BRAF mutation JJIJ} | | 1lli N EREERRDRARRR AL KRR R RO
KRAS mutation 1111 1 1 11 AAEAANRLIN FNARRRRRCSREN NARRRERORN 0 AARREL O i
Proteogenomic characterization of ~ TP53 mutation [[Ij| | ' /[l M (MU ERR T T TR TR ||| W
human colon and rectal cancer 18qloss (1IN { 00 B {11 RERE 10 DERRERN |
patlent tumors




CPTAC Public Resources:
http://proteomics.cancer.gov BT
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oot
i Portal

CPTAC, TCGA Cancer Proteome Study of Colorectal Tissue Assay Portal

Embargo Release Gate: December 04, 2014

Search the Assay Show / fude cormns.
Dalabase by.

oG o

Dala Sels

& Downioad

e

_Jpoftware Tools

e P T P

ifdddaAdddadddasdd9494

ESC I

i =) i
Release Date Disease # of Samples | == : i
I.
1
9/4/2013 Colorectal 95 . I
1
. 1
2/20/2014 Breast (R roteins i I
~12,000 phospho-proteins : :
6/16/2014 Ovarian 174** ~10,000 proteins : :E
| i
**32 samples with global, phospho, and glyco-proteomics data l !. .....................




Biin® The
Cancer
|maging

Archive

<" https://public.cancerimagingarchive.net/ncia/viewThumbnailsPopu... é@lﬁ

IMAGING ARCHIVE

HOME ABOUT US = SHARE YOUR DATA = ACCESS THE ARCHIVE =~ RESEARCH ACTIVITIES = HELP =

& https://public.cancerimagingarchive.net/ncia/viewThumbnailsPopup,jsf?seriesld=4

3

TCIA has the ability to create linked to subsets of TCIA data, which authors may
use as data citations in their scholarly papers.

8

TCIA Collections E
The image data in The Cancer Imaging Archive (TCIA) is organized into purpose-built collections of subjects. The subjects typica “ |
and/or anatomical site (lung, brain, etc.) in common. Each link in the table below contains information concerning the scientific
information about how to obtain any supporting non-image data which may be available, and links to view or download the im
reproducibility in scientific research, TCIA supports Digital Object Identifiers (DOIs) which allow users to share subsets of TCIA d 18
research manuscript. You can subscribe to our | @ Email List | or secial media feeds to be notified of new collections and changes
Show | 100 | entries Filter table:
Cancer Type + Collection %+ Location %+ Sub| 1234
: s o ; s 80 images found. displaying Page 1 / 4
Ovarian Sergus TCGA-OV Ovary 111
Cystadenocarcinoma

http://cancerimagingarchive.net




Where Do We Go From Here?
Is it JUST More Data?
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Physical Sciences-Oncology
Network (PS-ON): Phase I

iNONCOLOGY

FY09 FY14 ) ¢ FY19
PS-ON PARs

Thematic Areas: The Physical Dynamics of Cancer | Spatial Organization and Cancer

PS-OC PAR — PAR-14-169 / N

= U54 mechanism up to $1.5M (DC)/year
= 2-3 Projects/Center
= Education/Outreach Unit
= Pilot/Trans-Network Projects )\ seanhanion@nih.ov
= Competition under Type 1 (i.e., new Centers)

= 3rd Receipt Date Nov 26, 2015 (LOI Oct 14, 2015)

PS-OP PAR - PAR-15-021

= U01 mechanism up to $500K (DC)/year p
= 1 Project

* Trans-Network Projects
= Pilot Projects Optional

= 2nd Receipt Date Nov 26, 2015 (LOI Oct 14, 2015) \ nas.kuhn@nih.gov/



mailto:sean.hanlon@nih.gov
mailto:nas.kuhn@nih.gov
mailto:larry.nagahara@nih.gov

NCI Alliance for Nanotechnology In

Cancer (Phase Ill) B S

@7 SCIENTIFIC INITIATIVES

Y, €S
Cancer Research et Alliance for

F Opportunities in C Nanotechnol - NCI Stra
Muet:tgﬁg Eggort:nmes In Cancer Nanotechnology ra N a n otech no I ogy
Piotr Grodzinski and Dorothy Farrell ] n C a n C e r

Cancer Res Published OnlineFirst January 10, 2014

& Piotr Grodzinski, PhD
piotr.grodzinski@nih.gov

PAR-14-285: Innovative Research in Cancer Nanotechnology (IRCN)

e UO01 Mechanism up to $450K in Direct Cost per year [5 years total]

* Milestone-driven focus on developing further understanding of nanomaterial interactions
with biological systems and the mechanisms of nanoparticle delivery to the desirable and
intended cancer targets in vivo

 2nd Receipt Date April 15, 2015; Total of 6 receipt dates

NOT-CA-14-035: Nanotechnoloqgy Research Training Program

e T32 Mechanism

e Support for the development and operation of cancer nanotechnology research training
programs to educate graduate students and postdoctoral fellows in the multi-disciplinary
field of cancer nanotechnology research

 Next Receipt Date May 25, 2015; Standard receipt dates


mailto:piotr.grodzinski@nih.gov
http://nano.cancer.gov/

Provocative Question

Initiative: Renewed for FY15 [$20M]

Provocative

(PQ)

@ CENTER fir
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Program Objective:

Questions
Initiative

natur e NATURE | COMMENT

Nature Jan 26, 2012

Science funding: Provocative questions in cancer
research

Harold Varmus & Ed Harlow

Asking and Answering
Provocative Questions

Program Director
emily.greenspan@nih.gov

Project Manager

Challenge the scientific community to creatively think about
and answer important, but non-obvious or understudied,
provocative questions (PQs) in cancer research

mase 1: PQs solicited through website and workshops [~$21M/)h

e FY12

e 24 original PQs for RO1/R21 apps (56 awards)
e FY13

e 24 new PQs for RO1/R21 apps (29 awards)
e FY14

o 24 final PQs for RO1/R21 apps (83 awards)

Phase 2: PQs solicited and managed by NCI Q-Teams [$20M/yr]

michelle.berny-lang@nih.qgov

\ * FY15

PQ13 (2011): Can tumors be detected when they are
two to three orders of magnitude smaller than those
currently detected with in vivo imaging modalities?

12 new PQs for RO1/R21 apps (Spring 2015) /

PQB4 (2013): What methods can be devised
to characterize the functional state of
individual cells within a solid tumor?



mailto:Emily.greenspan@nih.gov
mailto:Emily.greenspan@nih.gov
mailto:michelle.berny-lang@nih.gov

Innovative Molecular Analysis

Technology Program in 2015 [$11M]

INNOVATIVE MOLECULAR
ANALYSIS TECHNOLOGIES

p

100 active projects (478 to date)

Gl CENTER

http://imat.cancer.qov

Current Year | 2014

4 | 2013 | 2012 | 2011 | 2040 | 2000 | 2008 | 2007 | 2006 | 2005 | 2004 | 2003 | 2002 |

ShowHide All

B Genomics

B Proteomics

® Nanotechnology

H Physics
Screening

Epigenomics
Glycomics
H Single Cellomics
© In Silico Models
 Imaging Agents
= Advanced Microscopy
m Sample QA/QC

Year
of Award

Institution

Award
Type

Project #

Abstract Text {Official)

A NOVEL THERANOSTIC

UNIVERSITY OF
R2{  CA174541 2013 BAI, MINGFENG PITTSBURGH AT oot e et
PITTSBURGH

TREATMENT MONITORING

Cancer treatment currently relies heavily upon administration of cyloloxic drugs thal attack both cancerous and healihy celis due fo limited
selectivilty of orugs. Therapeutic eficacy and systemic toxicity ¢an be improved by employing a multifunctional drug delivery system that
allows targeted drug delivery, controlied drug release and therapeutic effect monitoring. The integration of therapeutic and diagnostic
treatments has crealed a new genre in patient care and personalized medicine lermed theranostics. Dendrimers provide an ideal
theranostic platiorm due to their precisely controlled size, shape, and surface chemstry. These unique properbes allow dendnimers fo be
geveloped with Righ Structural MoNDAISDErsity, 0esired plasma cireylabon Ime and DIodISNBUtIoN DIOPeMes, as well as control over arug
release In our pioneering approach, we aim to develop the first quaterrylene-based (QR) near-infrared (NIR) fluorescent theranastic
‘dendnmer platform and seek to shift NIR theranoshc dendnmers away from those with poor chemacal stability, quantum yield and
photostability to a highly chemically stable, fluorescent and photostable NIR theranostic platform. As a proof-of-principle study to
demonstrate that the QR theranostc dendnmers can be appled in targeted cancer imaging, we will aitach a conjugable transloc ator
protein (TSPO) hgand 10 the selecied dendnimers and image the targeted agents in TSPO over-expressing breast cancer cells and in an
animal model. We hypothesize that a quaterrylene-based dendrimer will provide a highly photostable, fluorescent and chemically stabie
therancstic platiorm for targeted cancer therapy and efficacy monitoring. Such innovative design avoids the photobleaching and self-
quenching issues of current technology. thus allowing NIR theranostic studies with longer imaging time, higher fluorescence signal and
more accusate guaniification 1t will be possible to conjugate various targeting molecules, signaling moiebes and drugs to this innovative
platiorm and therefore. this platform has the potential 1o be widely apphed in cancer treatment and may transform the way that cancer
patients are treated and monitored.

NANOSCALE TOOLS FOR
FUNCTIONAL STUDIES OF
CANCER-RELEVANT CHROMATIN
MODIFICATIONS

OHIO STATE

R21 CA174533 UNIVERSITY

2m3 CASTRO, CARLOS E.

Dynamic organization of the human genome into chromatin reguiates ranscrption initiation and elongation. Defects in chromatin
modifications, assembly, dsassembly and remodeking result in misregulaton of oncogenes, which are associaled with NUMErOUS cancers
including ovarian, biadder, prostate, and colorectal tumors. Prior research has identified the components involved in chromatin
transcriptional regulation (CTR), including histone variants and post-transiational modifications (FTMs), histone modification enzymes,
and histone chaperone assembly faciors. Remarkably, genetic, biochemical, structural, deep sequencing and single molecule studies
have not fully revealed the mechanisms of CTR. Therefore, new technologies are required 1o probe curmently inaccessible dynamics and
structure of chromatin assemblies at the 10-100 nm length scale, which encompasses criical molecular events the regulate

processing  This research will address current technological gaps rhruugh tr\e Devebomem of nanoscale tools that measure mesoscaie
(10- 100nm) structure and dynamics of chromatin at specific sites. Specifically, we will
develop 1) DNA mi nanostructures with mul antibodies that recognize distinct sol ical and cancer-relevant combinations of

& STRATEGIC
&= SCIENTIFIC INITIATIVES

2001 | 2000 | 1929

Due Dates: 3/17/15, 6/17/15, and 9/22/15

Tony Dickherber
tony,dickherber@nih.gov
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Learn More About Us...
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http://cssi.cancer.govVv

t National Cancer Institute U.5. National Institutes of Health | www.cancer.gov

#® CENTER fir
® STRATEGIC

- S('Ic\lTlrl(" IN'TIAT]\,-’[S b HOME ABOUT C551 ICS51 OFFICES CONTACT C551

‘ v Jerry S.H. Lee, PhD
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PURPOSE

* Train and educate qualified scientists

* Help emerging researchers advance their careers by
exposing them to review experience

* Enrich the existing pool of NIH reviewers

REQUIREMENTS J. Thomas Peterson
e <1 mail-in review (Chief of Bioengineering Sciences and
* Faculty appointment or equivalent Technologies)

Active independent research program

Recent publications
Interested in serving as an NIH reviewer?

http://public.csr.nih.gov/ReviewerResources/BecomeAReviewer/ECR/ Send yOlll' CV to petersonit@csr.nih.gov

View the Video!

Inside the NIH Grant Review Process

CSR has produced a video of a mock study section
meeting to provide another inside look at how NIH grant
applications are reviewed for scientific and technical merit.

View the video via the Web:

http://www.csr.nih.gov/Video/Video.asp


mailto:petersonjt@csr.nih.gov
https://mail.nih.gov/owa/redir.aspx?C=BDO9kLFd0kqRvNyCjOzg_caarZIfKtIIqH-jy9T250JP8300fvoRM43hyjdol6V8NYYl6gmUf3w.&URL=http://public.csr.nih.gov/ReviewerResources/BecomeAReviewer/ECR/
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